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A bstract
The characteristics of multi-phase slug ilow in a horizontal 
pipeline are investigated using a stationary hydraulic jump us a 
model. Ip addition, the corrosion rates at the top and bottom of the 
pipe are measured to determine the flow affects. This is important 
in oilfield applications where multi-phase flow is present. A medium 
viscosity oil. water, and carbon dioxide are used as the working 
fluids.
The characteristics studied are the void fraction, the mean wall
shear, the turbulent intensity, the pressure drop across the jump, 
and the corrosion rate. The tests were performed at I'roude numbers 
of 6. 9, and 12 at a pressure of 30 psia with fluid combinations of 
water. 80 percent water-20 percent oil. and (>() percent water-40 
percent oil
The rate of corrosion was found to be dependent on the flow 
characteristics, and the void fraction was found to be dependent on 
the l;roude number of the liquid film ahead of the jump. The mean 
wull shear increased with increasing Froude number as did the 
pressure drop and the turbulent intensity. The turbulent intensity, 
the void fraction, and the pressure drop decreased with an increase 
of oil fraction, and the corrosion rate increased with increasing oil 
fraction.
L Introduction
When designing oil and gas pipelines approximations are made as to 
what type of flow will be present at the nominal operating conditions. 
Single phase flow is present in most oil or gas pipelines. However, when 
the oil is pumped directly from the drilling site it contains a large 
percentage of water, gases, and impurities. Therefore the flow is multi
phase flow. Problems occur when the approximatjons made WIJ lhc systcm
underestimate the el feet the flow will have on the pipe. Pipes designed to
last over ten years are deteriorating in less than five (Jepson, 1080). Great 
cnots arc introduced when the bench scale single phase system is used to 
approximate the conditions within a tnu 11 i - phase system (Jepson, 1080). 
The most notable is the underestimation of the corrosion rate. How multi* 
phase flow affects the rate of corrosion has not been investigated in the 
past (Jepson, 1989). Previous studies by Choi (1987) and Callow et al 
(1976) were conducted in single phase systems. Clerbois and his co­
workers tl985) argue that proper scale-up of corrosion tests is necessary 
to ensure accurate results. What needs to he investigated is the multi 
phase How system as well as the rate of corrosion. How the dynamics ol 
the How attect the rate ol corrosion will be investigated using test methods 
outlined by Jepson (1989).
One ol the multi-phase How regimes present in the systems of 
interest is slug How. Dukler and Hubbard (1975) put forward the first 
realistic model ol slug How, They illustrated that the liquid film is scooped 
up at the slug front, accelerated to the slug velocity, and then passed back
through the slug. However, many parameters were required to complete
the calculation (Jepson, 1989). Visual observations showed that the body 
consists of a highly turbulent mixing region at the front of the slug, a 
slower moving main body of the slug, and a tail, where the liquid rapidly 
decelerates and the level decreases to form a film on which the next slug 
will propagate (Jepson, 1987). An idealized slug is shown in Figure 1. The 
main regions are the mixing zone, the slug body, the liquid film, and the 
gas bubble zone. Difficulties arise in determining the gas distribution in 
the slug body. The amount of gas entrained at various radial positions in 
the slug could not be determined because of the last moving shoes 
Therefore, only average values across the cross-section could be obtained 
(Jepson, 1987).
Work by Jepson (1987) and Jepson and Daniels (1986) show that the 
front of the slug can be regarded as a hydraulic jump. Kalinski and 
Robertson (1943) illustrate that stationary jumps can be formed in
horizontal pipes. If the frame of reference is taken as moving with the
translational velocity of the slug (figure 2), these slugs can be visualized 
as stationary jumps (Jepson, 1987). Jepson tested this by forming a 
hydraulic jump in a 100mm diameter pipeline and noted that the mixing
vortex is similar to those found in moving slugs. He also found that the 
intensity of the jump can be related to the Froude number. Fr, of the liquid 
film ahead of the jump. This liquid film is formed by passing the flow 
under a gate in the pipe and controlling the position of the jump with a 
feed gas. Five types of jumps are described in open channel flow by 
Jepson (1989): undular jump, weak jump, oscillating jump, steady jump.
and a strong jump (Figure 3). This study focuses on the steady and strong 
jum ps.
The flow characteristics that play an important role in the study of 
slugs and corrosion rates are the film velocity, the shear stress, the void
fraction, the turbulent intensity, and the pressure drop across the jump. 
The study of each of these and their effect on the rate of corrosion are 
investigated.
The wall shear stresses are of major importance since it is speculated 
that the layer of corrosive materials is scrubbed off by the fluid thus 
exposing the pipe to further corrosion. In addition, this scrubbing leads to 
a wearing of the metal surface thus decreasing its service life. Jcpson 
(1989) suggests that the wall shear will be the greatest at the bottom of
the pipe and decrease with radial position. The snear stress is also
dependent on the working fluid. For example, long chain hydrocarbons in 
the system reduce the drag along the walls and the wail shear decreases 
because the eddies in the flow are reduced (lloyt. 971).
The void fraction is the amount of gas unit per unit volume of liquid 
entrained in the flow at a particular position in the slug. The amount o!
entrained gas has been shown by Jcpson (1987) and others to increase 
with the strength of the jump. The voidage has been measured in previous 
works using impact probes, capacitance sensors, conductance probes, and x 
or gamma rays (Jepson, 1987). As mentioned earlier these methods will 
only give a average value over the cross section of the moving slug. Since 
this work involves stationary jumps a sampling tube is inserted into the 
pipe to collect the sample. This has been shown by Jepson (1987) to not
4seriously affect the flow. The void fraction can affect corrosion rates since 
the contact area of the fluid decreases. The shear stress should also he 
affected by the lower amount of liquid at the surface. The void fraction is 
dependent on the strength of the jump (Jepson,l987). For example, in a 
weak jump the buoyancy forces act quickly thus the distribution of the tins 
will be different than in a strong jump.
Turbulent intensity and the associated energy losses due to the 
pressure drop are descriptive characteristics of the hydraulic jump. The 
study of these will gain more insight into the phenomena of multi-phase 
flow.
The problem with earlier corrosion studies is that the test methods 
employed were generally conducted in a single phase regime. The current 
popular test method is the "film persistence wheel test’* in which the test 
wheel contains coupons and the wheel is rotated in the fluid to provide 
agitation (Choi, 1987). Another popular method is the use of mass loss 
coupons in which specimens are placed in the flowing fluid and left for a 
fixed period of time. The specimen is removed, the corrosion products
cleaned off, and then it is weighed to find the amount of material that
corroded. These tests are plagued by poor reproducibility (Mercer, 1985). 
Other common test methods used today rely on dte use of electrochemical 
techniques or polarization resistance measurements (Callow et al. 197b). 
However, because the flow is not multi-phase these methods are not 
suitable. One method that will work in flowing multi phase s\stems, and 
give results in a short period of time, is the electrical resistance method. 
This technique will be discussed in more detail in Section 2.2.
The study of corrosion rates has been discussed by Choi, Mercer, and 
others. However, the techniques used in the past to measure the rate of 
corrosion have not included multi-phase flow pipelines. Therefore great 
errors are introduced when applying the bench scale, single phase results 
to a pipeline system (Jepson. 1989). This series of tests investigates the 
characteristics of slug flow, and their affect on the corrosion rate. The tests 
are conducted at Froude numbers 6 9, and 12, since these represent
steady and strong jumps, and at a pressure of 30 psia. The shear stress is 
measured at the bottom of the pipe at several axial locations, but the 
position of interest is 25 cm from the front of the jump. In a true moving 
slug this is approximately the area of the highest wall shear (Jepson. 
1989). The void fraction for the water only case is measured at 0.0 cm, 25 
cm, and 50 cm from the front of the jump and at vertical positions of .054, 
.225, .475, .725, and .947 pipe diameters. For the other fluid combinations 
the void fraction measurements were taken 25 cm from the front of the 
jump at the same radial positions. Corrosion rates were monitored at the 
top and bottom of the pipe at 25 cm from the front of the jump. Pressure 
drop is measured at 30 cm and 60 cm from the front of the jump. Three 
systems will be studied: water only. 80fT water and HY/< oil solution, and a 
MV/i water to 4{Wi oil solution. These represents a range of conditions that 
arc possible in oil field pipeline systems.
62. Kxperimental
2.1 Hxperimental Setup
The apparatus used is that developed by Jcpson (1987). A *4 inch ID 
Plexiglass horizontal pipeline is used to study slug flow with water, oil, and 
carbon dioxide as the working fluids. The oil used is ARCO PAC 90 that has 
a viscosity of 16,9 centistokes. A schematic layout of the system is shown 
in Figure 4.
Oil and water are pumped from their respective tanks using 
centrifugal pumps into 3 inch PVC pipes. Liquid flow rates are controlled
using a by-pass system and valves. The liquid How rates are measured 
using U-tube differential manometers connected to orifice plates. The two 
Hows are combined and passed into the Plexiglass section where the fluid
is forced under a gate G to form a last moving liquid film. A measurement 
of the welted perimeter gives the depth and the bulk velocity of the film.
At points Jl and J2 carbon dioxide from compressed cylinders is 
forced into the system. The gas is first passed into an expansion tank and 
the flow rate into the system is measured using a Gilmont #5 rotameter.
The gas is initially used to pressurize the system whose pressure is 
monitored by gauges B and released by valves II (fine control) and 12 
(coarse control). The hydraulic jump is formed downstream of the gate 
and the carbon dioxide is used to maneuver the jump into the test section 
and to maintain it at that position.
72.2 Test Section
A schematic of the test section is shown in Figure 5. At point F TSI 
flush mounted, hot film sensors are used to measure the mean wall shear 
stress and the turbulent intensity. The voltage signal from each probe is 
passed to an I FA 100 anemometer which con veils the signal through a 
Metrahyte model DAS 20 A/D converter. The data is processed using the 
TSI Anemometry Software Package and a IBM PS2/30 computer. In order
to measure the shear stress and turbulent intensity with these probes, 
they must first be calibrated. These probes measure the voltage required 
to maintain a set impedance, capacitance, and resistance as entered into 
the anemometer. Because no correlations exist for multi phase flow 
empirical equations were utilized. Since the bulk fluid velocity and density 
are known the probes were calibrated using:
t  = f*p*Uh-/2 *2.1)
Where T = mean wall shear stress, f = fanning fiiction factor, p ~ the fluid 
density, and lib = bulk velocity of the fluid. By finding the voltage 
required as a function of the fluid velocity a calibration curve for the 
shear stress can be made.
The turbulent 
flow. A Reynold's 
regions therefore it 
slug. The turbulent
intensity is a statistical value for the turbulence of the 
number cannot be used since the slug has many flow 
becomes difficult to define a Reynold's number to the 
intensity is calculated by the equation:
TI = alx ( 2 . 2 )
8Where a = stundard deviation of the shear stress measurements. I he 
shear rates and the turbulent intensity can he measured at several 
locations in and around the jump by moving the jump axially.
Void fraction measurements were obtained using sampling tube C. 
The sampling tube can be adjusted to any radial position within the pipe.
The sample is taken isokinetically and passed into a one meter long tube ot 
at a fixed volume of 62.5 ml. Valves at each end ot the tube are closed 
simultaneously and the flow allowed to separate. The volumes ol oil and 
water are measured using a graduated cylinder and the volume ot gas can 
be easily calculated.
Pressure tappings D are used to obtain the pressure drop within the
slug. There are associated energy losses in the slug which are evident by 
the sound propagating from the pipe. The measured values can be 
compared to the values predicted using a energy and momentum balance. 
Alter simplification the momentum and energy balance reduce to a simple 
form of the Bernoulli equation.
AP = p*AL'b2/2gc (2.3)
Corrosion tests are conducted using the electrical resistance method. 
As stated earlier, conventional tests are inadequate in multi-phase flow 
and are not suitable for short-term studies. The electrical resistance 
method relies on the fact that the dc ohmic resistance of a wire will
increase in inverse proportion to its cross-section. The large amounts of 
gas entrained in the flow will not effect the performance of these probes
and the method will give quantitative results in approximately 2 hours. 
For the measurements a Petrolite IN-8000 electrical resistance instrument
9with speciai probes is used. The probes contain an internal reference 
electrode which is protected from the testing medium. The change in 
surface thickness and hence resistance is compared to this electrode and 
this is then correlated to a corrosion rate.
To insure that the corrosion/erosion measurements were not affected 
by the presence of oxygen the system was deaerated using carbon dioxide. 
This was accomplished by running the system for a period of time while 
venting the system and continually adding carbon dioxide. The increase of 
the partial pressure of carbon dioxide and the decrease of the partial 
pressure of oxygen resulted in the lowering of the oxygen concentration. 
The oxygen removal was further aided by the gas entrainment of the 
jump. This in effect acted iike a scrubbing unit which decreased the time 
necessary to remove the oxygen. Using this method oxygen concentrations 
as low as lOppb were measured using a CHFMets Dissolved Oxygen Test Kit 
models 0-40 and 0-100.
All measurements taken in these experiments are reported as a 
function of the Froude number* Fr. This has been found by Jepson (1987) 
to be an important parameter. The Froude number is defined as;
Fr * Film veloeity/(g*hgff)^ (2.4)
Where g = acceleration due to gravity and hc ff = effective height of the 
film.
The effective height can be calculated using:
heff = A/W (2.5)
Where A = the cross-sectional area of the film and W = the width of the 
gas-liquid interface (see Figure 6).
3. Results and Discussion
3.1 Observations and Determination of Froude Number
The Froude numbers chosen represent a steady jump at Froude 
number 6 and a strong jump at Froude number 12. Froude number 9 is 
around the region of transition from a steady to a strong jump. Visual 
observation show that as the oil fraction in the solution increases the 
strength of the jump would decrease, and the jump can be described as a 
steady jump. This occurrence can be contributed to the higher viscosity of 
the solution. It was also observed that the length of the jump would 
increase with Froude number. As mentioned earlier, the Froude number 
is calculated for the liquid film ahead of the slug front, liquations 2.4 and 
2.5 are used to determine the Froude number based on the flow rate of 
liquid in this film. At the set gate height the area of flow is calculated to 
be 2.226 x 10  ^ m. This value was used in equation 2.4 to determine the 
flow rate necessary to achieve the desired Froude number,
3.2 Void Fraction
The void fraction for water only was measured at axial positions of 0 
cm, 25 cm, and 50 cm from the front of the jump and at vertical positions 
of .054, .225, .475, .725, .947 pipe diameters from the bottom of the pipe 
(Table I). For the oil and water combinations the void fraction was 
measured at 25 cm from the front of the jump and at the same vertical 
positions as in the water only case (Table 2).
Table 1 shows the void fraction distribution for water only at Froude 
numbers 6, 9, and 12. At all axial positions the void fraction is greatest at
the top of the pipe. This is to be expected since buoyancy forces will tend 
to push the gas distribution to the top. At l;r=6 the void fraction is highest 
at the front of the jump, decreases at 25 cm, and rises at 50 cm while at 
Ir=9 the gas distribution at the top increases with axial position. However,
at Fr=l2 the distribution drops from its high value at 0 cm to its lowest
value at 50 cm. This shows that as the film velocity is increased the rate 
of aeration is increased, and the length of the jump is increased. At Fr=6
the buoyancy forces act quickly, and most of the gas rises to the top within
50 cm. At l;r=9 the aeration of the jump is large, therefore the gas 
distribution at the top increases because of these buoyancy forces. At 
Fr=l2 the jump is strongly aerated and the gas is passed back further into 
the jump. This confirms the visual observations of increasing jump length 
with increase of h'roude number. If the void fraction is measured at 
positions greater than 50 cm from the front the gas distribution would be 
mostly at the top.
Table 2 shows the void fraction distribution for the three fluid 
combinations at an axial position of 25 cm from the front of the jump. At 
Fr=6 and 9 the gas distribution decreases with the increase of oil
concentration. As mentioned earlier the aeration of the jump was
observed to decrease with the increase of oil percentage. These findings 
show that to be the case. At l r~ 12 the oil concentration effected the gas 
distribution to a large extent at the bottom portion of the pipe while the 
gas distribution at the lop changed by only sm; II amount. Less gas is 
being entrained at the higher concentrations, but the buoyancy forces act 
quickly in bringing the gas to the top of the pipe. Jepson (1987) found that
the void fraction is dependent on the broude number, and these results 
confirm that finding.
I 2
3.3 Wall Shear Stress and Turbulent Intensity
The wall shear stress and the turbulent intensity were measured at the 
bottom of the pipe at locations in the liquid film, the body of the jump, and 
the tail of the jump. bigures 7, N, and 9 show the wall shear and the 
turbulent intensity for all cases.
The mean shear stress increases with increasing Iroude number for 
all the fluid combinations. bor water, at 25 cm from the front of the jump, 
values of 4 N/m-, 6.5 N/m~, and 15 N/m- were measured at I roude
numbers 
measured 
U  N/m2
b, 9, and 12 respectfully. l;or the X(M water-20^ oil solution the 
values are 5 N/m*-, IS N/m-, and b2 N/m-. Values of 10 N/m-, 
, and 72 N/m- were recorded for the h(Y'/< water 20(/f oil solution.
An increase in broude number leads to a large increase in wall shear. This 
is attributed to the higher fluid velocities in combination with the high 
amount of aeration that is occurring in this region. This increasing aeration 
creates a “scrubbing” action. After the mixing /one the shear stress 
changes slowly. At br~9 and br-12 the mean wall shear increases 
markedly with the increase of oil fraction. Phis could be attributed to 
some physical property of the oil such as viscosity. The wall shear is a 
function of fluid viscosity therefore this could be the cause of this large
increase.
From the figures it can he seen that the turbulent intensity increases 
rapidly in the body of the jump reaching a maximum at around 73 cm 
from the front. The turbulent intensity increases with Froude number, but 
decreases with an increase of oil fraction. The higher viscosity of the 
solution decreases the amount of turbulence. AT 73 cm the values reach a 
maximum because of the gas pockets being formed in the body of the jump 
create a lot of turbulent eddies. The void fractions at the top of the pipe 
begin to reach their maximum value around this point.
From this information it is clear that there is a substantial change m 
in both the wall shear and the turbulent intensity. This can have
significant effects on the corrosion rate.
I 3
3.4 Pressure Drop
I he pressure difference between the fluid before the front of the 
jump and 30 and 60 cm within the jump are listed in Table 3. The 
difference between each case indicates the pressure drop within the slug 
body. I he values tor the pressure drop using equation 2.3 are listed in 
Fable 4.
Both the pressure drop across the jump front and within the body 
decrease with an increase of the oil fraction. This is due to the water oil 
systems inability to entrain gas compared to ability of water. The pressure 
drop across the jump increases with Froude number, and is highest in the 
mixing region of the jump. The increase is due to the larger void fractions 
at higher Froude numbers. The pressure drop increases with turbulent
intensity which is also related to the void Traction. Therefore, the void 
Traction has significant impact on the pressure drop.
Comparing the calculated values Tor the pressure drop across the 
jump with the measured values shows a large difference. In all cases the
measured drop was much larger. This shows the large energy losses m the
formation of the jump, and the effects of the gas entrainment. 1 he 
greatest energy loss is in the mixing region of the jump. This corresponds 
to the area of the largest void Tractions where the largest cddi.*s occur. 
Some of the energy that is lost leaves the system as sound waves
propagating from the jump. These sound waves were observed Tor all 
three i;roude numbers, and the intensity increased with the l-roude
number.
3.5 Corrosion Kates
Corrosion rates were measured at the top and bottom of the pipe 25 
cm from the front of the jump. Table 5 is a summary of the measured 
corrosion rates. In addition to the three fluid combinations previously 
discussed corrosion rates were also measured at Tr~6 for I5fa water to 
X5r/f oil and oil only Tor comparison.
Tor all cases the corrosion rate is greatest at the bottom of the pipe. 
The corrosion rate at the bottom also increases with increasing Iroude 
number. These results were expected since the wall shear increases with 
T'roude number. The corrosion rate at the top decreased with increasing 
Troude number because of the large void fractions at the top of the pipe. 
With increasing void Traction less liquid contacts the surface which
decreases the corrosion rate by either reducing the shear rate, or 
decreasing the exposure to the corrosive properties of the solution, ur both 
The differences in the values for the top and bottom show how the shear 
stress and the void fraction affect the rate ot corrosion.
An increase of oil fraction results in 
at the top and bottom of the pipe. It was
an increase of the corrosion rate 
shown earlier that the wall shear
increased with oil fraction. This increase in shear stress could account for
the larger corrosion rates. This would be termed pipeline erosion in which 
the metal surface \< being worn by the fluid. Another possible explanation 
could be that the oil is more chemically corrosive than water in the 
absence of oxygen. This would result in a larger corrosion rate by the 
following mechanism: Recall that it is suggested that as the pipe corrodes 
the fluid shears off the corrosive products. As the rate of chemical
corrosion increases the layer of corrosive products grows faster. The fluid 
then shears this layer off at a higher rate.
4. Conclusions
From the results of this work the following conclusions can be made:
1. The void fraction is always greatest at the top of the pipe. The amount 
of gas entrained increases with an increase in Froude number. An increase 
in the oil fraction decreases the amount of entrained gas and decreases the 
strength of the jump. Buoyancy forces act quickly at low Froude numbers.
2. The wall shear changes substantially across the front of the slug, The
highest changes occur at high Froude numbers. The wall shear increases
with an increase in oil fraction at all Froude numbers. The turbulent
intensity increases with Proudc number, reaching its maximum value at 
around 75 cm from the front of the jump. The increase of the turbulent 
intensity is related to the increase in void fraction because of the eddies 
produced.
3. The pressure drop across the mixing /one increases with Proudc 
number. In addition, an increase of oil fraction reduces pressure drop 
within the mixing region. The pressure drops are much greater than the 
pressure drops predicted using the Bernoulli equation. This corresponds to 
the large amounts of energy lost in the mixing region.
4. Corrosion rates are greatest at the bottom of the pipe and the rate
increases with increasing Proudc number. With increasing Proudc number 
the corrosion rate at the lop decreases because of the large void fractions 
at the top. The rate of corrosion increases with an increase of oil fraction
because of the high shear rates or because the oil might be chemically 
more corrosive than water in the absence of oxygen.
5. Recommendations
The following recommendations can be made based on the 
experimental results.
1. The void fraction distribution could be taken at more axial positions to 
develop a profile of the distributions at each vertical position.
2. The pressure drop should be measured at at least 5 more axial positions 
to develop a pressure drop profile within the body of the jump. This 
should be done with pressure transducers so that the pressure readings 
can be done statistically by computer.
3. A method should be devised to differentiate between the actual surface 
corrosion and the possible erosion effects.
4. Different oils should be tested to see how different fluid properties 
affect the shear stress and the rate of corrosion.
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1 -  Mixing Zone
2 -  Slug Body
3 -  Liquid Film
4 - Gas Bubble Zone
Figure 1 Idealized  Slug Unit
2 0
Idealized slug at instant of formation.
Figure 2. Changing point of reference
■ Pfj • 1.7-2.5 Waak Jump
■ 2.3-4.5 Oscillating Jump
Figure 3. Hydraulic jumps in open channel flow,6
Figure 4. Layout of the experimental system.
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Figure 6. Determination of Froude number
Frauds Number Position* Location**
0 25 50
t 0.0056 0.0304 0.033
2 0.071 0.077 0.037
Fr « 6 3 0.502 0.165 0.074
4 0.507 0.216 0.117
5 0.512 0.263 0.365
1 0.111 0.036 0.004
2 0.136 0.099 0.035
f t  *  • 3 0.189 0.251 0.692
4 0.291 0.548 0.68
5 0.391 0.64 0.644
1 0.0216 0.06 0.116
2 0.168 0.112 0.11
Fr * 6 3 0.645 0.354 0.314
4 0.804 0.502 0.259
5 0.82 0.604 0.328
* Dimensionless distance from the bottom of the pipe. 
1 - .054, 2 . .225, 3 - .475, 4 - .725, 5 - .947
** 0 - At the front of the jump 
25 - 25 cm within the jump 
50 - 50 cm within the jump
Table 1 Void fraction distribution for water only at 30 psia
r^ npHpQv wmmtmmm L ocation Wa^ Bv 80% W ater. 20% OH 60% W ater. 40% OH
1 0.0304 0.0016 0.091
2 0.077 0.033 0.115
Fr = • 3 0.165 0.036 0.07
4 0.216 0.077 0.175
5 0.263 0.163 0.178
1 0.036 0.037 0.008
2 0.099 0.04 0.05
FT = • 3 0.251 0.338 0.208
4 0.548 0.435 0.368
5 0.64 0.467 0.5
1 0.06 0.08 0
2 0.112 0.12 0.068
Fl = 12 3 0.354 0.456 0.3
4 0.502 0.6 0.542
5 0.604 0.653 0.547
* Dimensiontess defence from the bottom of the pipe 
1 - .054, 2 -  .225, 3 -  .475. 4 -  .725, 5 -  .947
Table 2. Void fraction distributions for different compositions of liquid at 
different Froude numbers at 25 cm within the jump at 30 psia.
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Water Only at 30 psia
Figure 7 Mean wall shear and turbulent intensity for water only at 30
psia.
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Figure 8. Mean wall shear and turbulent intensity lor 809? water and 20%
oil at 30 psia.
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Figure 9. Mean wall shear and turbulent intensity for 60% water and 40%
oil at 30 psia.
Table 3 Pressure drops between fluid before the jump front and 30 and 60 cm within the slug.
ON Fraction. % - g n .._ f f r § _ P I.  Fr=9 P I.  Fr=12 P 2 \  Fr=6 P2, Fr=9 P2, Fr=12
0 25.8 54.4 70.5 30.4 61.6 102.3
20 22.5 43.6 47.3 24 51.5 89.1
40 20.6 40.8 46.7 2t.l 48.3 84.7
Table 4 Pressure drops calculated using Bernoulli Equation
Q H  FfMfiBCMfl Tu Fr=6 Fr=9 Fr=12
0 10.6 10.27 9.92
2 0 15.95 15.44 14.93
4 0 21.27 20.59 19.91
3 1
Fluid Combination Froude Number Tod* Bottom
6 75.19 81.4
Water only 9 47.82 154.4
12 37.23 199.3
6 87.24 159.1
80% Water, 20% Oil 9 81.4 145.6
12 78.84 240.9
6 103.4 213.2
60% Water, 40% Oil 9 71.18 152.9
12 57.31 354.8
18% Water. 85% Oil 6 89.43 405.2
Oil only 6 90.52 41 1
* The unit is Mils/year, 1 probe reading change in 
120 min. -  21.9 Mils/year
Table 5 Corrosion rate measurement for different fluid 
combinations at different Froude numbers at 30 psia.
